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ABSTRACT
The Irish Reinforced Concrete (RC) sector has yet to realise the full potential of Building Information
Modelling (BIM) and Lean construction. The positive impacts and benefits of both BIM and Lean in the
wider Architecture, Engineering and Construction sector are widely recognised; many of these are
transferable to the RC sector, but there is limited research and knowledge on practical transference, uses
and advantages. This research aims to fill some of the existing knowledge gaps by examining BIM and Lean
adoption and awareness in the Irish RC sector across sub-sectors, professions, and organisational levels,
and by exploring opportunities for increasing their implementation. To achieve this. a comprehensive
review of international literature was undertaken, the findings of which informed the content of a targeted
sector-wide online survey. The data from the online survey was aggregated and analysed by company type
(i.e. main contractor/sub-contractor) and profession. To deepen the analysis and further examine the survey
and literature review findings, semi-structured interviews with representatives from each company type
and profession were carried out. The results reveal that there is significant BIM and Lean awareness and
interest in the sector. However, there are relatively low levels of application and full appreciation of the
potential of both paradigms, particularly pronounced within the sub-contractor cohort. Yet, there is a
strong sector-wide keenness for the implementation of both BIM and Lean. To capitalise on this,
organisations need to invest in technology, people, education and training programmes in a structured and
consistent manner.
Keywords: BIM, Lean, Awareness, Implementation, Reinforced Concrete.

the Architectural Engineering and Construction
(AEC) sector (Egan, 1998; Latham, 1994).
In the last two decades the emergence of Building
Information Modelling (BIM) and Lean construction
has offered a potential antidote to the AEC‘s sectors
inefficiencies. Almost all other sectors in the Irish
construction industry have embraced one or both
paradigms, yet the in-situ RC sector seem to be
extremely slow in the adoption of either.
There have been many studies on the positive
impacts of implementing both BIM and Lean
philosophy on the AEC sector in general (Aram et al.,
2013). However, there is a dearth of research on the
application of these paradigms to enhance the RC
sector.
To address the existing dearth of literature and
knowledge, this research aims to explore the state-ofthe-art in the Irish RC sector and to critically evaluate
what opportunities exist to increased BIM and Lean
implementation. The research combines a
comprehensive literature review, with a targeted
online survey and expert interviews to identify
awareness, interests, challenges, and opportunities in
the sector.

I. INTRODUCTION
The demand for and expectation of more sustainable
products and assets is continually increasing across
sectors. This is also starting to be apparent in the
construction sector. For example, Skanska and BAM
plan to reduce their carbon emission by 50% by 2030
and Heidelberg Cement are planning to produce
carbon neutral cement by 2050. (Mc Kinsey, 2020).
In the last decade, the global consumption of concrete
has risen by 25% to approximately 30 billion tonnes,
making it second only to water as a globally
consumed material (Monteiro et al., 2017). Globally,
its manufacture accounts for 8-9% of Greenhouse Gas
(GHG) emissions, 2-3% of global energy
consumption and 9% of industrial water usage
(Rissman et al., 2020). Also, from a commercial
perspective, the cost of Reinforced Concrete (RC) can
account for up to 15% of the overall building cost (Ko
and Kuo, 2019). These factors alone provide an
economic and moral impetus to optimise its
application and associated processes. This is
amplified further, when considered together with the
well-documented inefficiencies and wastefulness of
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Major Infrastructure Projects’ (Government of
Ireland, 2019) attempt to offer the sector a sense of
perpetuity.
Other industries such as shipbuilding, aircraft and
car manufacturing have all encountered the
challenges and changes that construction now faces
(Mc Kinsey, 2020). The current project-based
approach in construction is expected to take a radical
shift towards an industrialised product-based
approach (Mc Kinsey, 2020). Many, including
clients, consider industrialisation and digitisation of
the construction sector as the way forward (RIBA,
2020). The application of highly effective production
philosophy, such as Lean, to construction-site
activities can offer many benefits. Potential
improvements include reduction in: i) expensive onsite labour costs (up to 70%); ii) project programme
duration (up to 60%); iii) on-site waste (up to 90%);
as well as iv) factory Quality Assurance (QA)
systems which would naturally increase quality and a
reduction in site defect remediation (up to 70%)
(RIBA, 2013). In addition, increases in productivity
of up to 50-60% could be expected because of
industrialisation and digitisation (Mc Kinsey, 2017),
and these are considered to have the largest disruptive
influence on current construction practices over the
next five years (Mc Kinsey, 2020). Central to the
recommendations made by many of the
aforementioned reports is the application of two
paradigms to the AEC sector, namely: BIM and Lean
production philosophy in construction (also known as
Lean construction). The emergence of both
paradigms has been viewed as offering a potential
antidote to much of the sector’s inefficiencies and
wastefulness.

II. LITERATURE REVIEW
a) Challenges and Opportunities:
Inefficiencies and Waste in the
Construction Sector
Construction related spending accounts for
approximately 13% of the global Gross Domestic
Product (McKinsey, 2020) and yearly revenues of
approximately $10 Trillion (BCG, 2016). However,
the inefficiency and wastefulness of the construction
sector has been well-documented. For example, in the
UK the Latham Report (1994) and the Egan Report
(1998) and more recently (NBS, 2018) provide
detailed accounts. The causes for such waste and
inefficiency are complex and wide ranging, but key
sector-wide issues have been identified (Farmer,
2016; Bryden Wood, 2017; RIBA, 2013). For
instance, at a strategic level, the sector suffers from
innovative inertia, with factors such as low levels of
integrated project management and governance seen
as significant contributors to project delay (KPMG,
2019). Productivity levels in the construction sector
have remained largely stagnant over the last two
decades with increases being reported at
approximately 1% in that period (Mc Kinsey, 2017).
Construction also experiences low levels of
predictability (Farmer, 2016) and significantly higher
wage levels, almost 100% greater than manufacturing
(RIBA, 2013). Yet, interestingly, construction still
experiences labour shortage and a skills deficit
(Bryden Wood, 2017), struggling to attract talent
(HM Government, 2013). The construction landscape
also tends to be fragmented, low levels of
collaboration can create a siloed and often fractious
ecosystem (Mc Kinsey, 2020). All the above
contribute to making construction a high risk and low
profit (approximately 5%) sector (Mc Kinsey, 2020).
In an Irish context, similar findings have been
reported. In 2017, the Gross Value Added per hour
worked by an Irish construction worker was €25.20,
15% below the European average (DPER, 2020a).
Interestingly, Eurostat shows labour productivity in
the wider Irish economy for the same year to be
89.2% higher than the European average; a fact that
further highlights the difficulties unique to the sector.
Some of the key contributing factors to the low
productivity in Irish construction include
underinvestment in technology and innovation,
limited training, underutilisation of off-site
production and poor waste management practices.
Ireland has also been slow to adopt new technology;
as with other markets, it experiences sectoral
fragmentation and low profit margins, which leaves
little capacity for investment (DPER, 2020a). Also,
the skills shortage in recent years has proved a
significant obstacle to Irish construction output
(SCSI/PWC, 2020). However, recent Irish
Governmental reports, such as ‘Project Ireland 2040’
(DPER, 2020b) and ‘Prospects, Irelands Pipeline of

b) BIM Adoption in the Architecture,
Engineering and Construction Sector
There are some strong commercial arguments for the
implementation of BIM. It has been estimated that it
can offer potential cost saving of 21% over the next
decade (BCG, 2016). In 2019, KPMG conducted a
weighted global construction survey where the
highest scoring 20% of companies surveyed fostered
a culture of innovation and embraced technology,
with 86% of this cohort investing in BIM. In the UK,
the NBS BIM survey (NBS, 2020), revealed a 73%
BIM adoption rate with most BIM adoptees feeling
that it increased profitability (51% of respondents),
productivity (71%) and delivery speed (74%), as well
as improved health and safety (70%). While BIM
adoption rates were high, a few adoptees (5%) did
express regret at implementing it, which would
suggest that BIM may not suit all sectors or company
sizes. In an Irish context, BIM implementation and
adoption have also increased. In 2019, BIM adoption
rates were reported to be at 76% (NBS, 2019) comparable to UK levels. The National Digital
Construction Transition Survey 2015-2017 (CitA,
2017) revealed a 9% increase from 67% to 76% in
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Irish respondents’ confidence in their skills and
knowledge to deliver BIM. The promotion of digital
adoption and innovation holds the potential to deliver
significant gains to the industry, particularly to
subcontractors (CSG, 2020). The capacity to increase
certainty and, therefore, enhance decision-making
throughout a project’s life cycle is considered one of
its greatest benefits (NBS, 2018). BIM offers the
possibility to unlock untapped potential in almost
every discipline within the sector, and at different
organisation strata – namely: strategic, tactical, and
operational. Management disciplines such as
commercial, process, information and personnel can
all potentially benefit from its application.

indispensable for simulating real world construction
(Liu et al., 2015).

b3) BIM and Personnel Management
BIM can also assist with personnel management.
Much of its functionality outlined above, if
successfully implemented, should mean that work is
performed in a more organised, controlled, faster,
efficient, and safer way, which by extension should
translate to enhancing workers’ daily experiences. As
mentioned previously, the sector struggles to attract
talent, and employers who promote innovation and
digital adoption will make themselves more attractive
especially to talent that have grown up in a digital
world (Farmer, 2016). Attraction and retention of
talent are key success factors in future construction
ecosystems (Mc Kinsey, 2020). This is especially
salient with building innovation and workforce
expansion viewed as key to the Irish economic
recovery from the impacts of Covid-19 (CSG, 2020).
The use of BIM can materially change personnel risk
in construction projects (Mc Kinsey, 2020), with4D
BIM simulations helping with risk mitigation
strategies, particularly in the early stages of a project
(Sloot et al., 2019). It also facilitates off-site
construction, with less people on-site, adverse site
events can be potentially reduced by up to 80%
(RIBA, 2013).

b1) BIM and Commercial Management
From a strategic commercial perspective, BIM can
offer up to 80% faster cost estimation within a 3%
error threshold as well as supporting faster
optioneering (Ghaffarianhosein et al., 2017). BIM
data-rich models also make the tendering process
more efficient and transparent (BCG, 2016). In
addition, BIM can increase profitability (NBS, 2020)
and offer the potential to improve competitiveness
(Hore et al., 2017). Moreover, improved and earlier
specification using BIM can assist with commercial
management at tactical and operational levels by
helping to reduce risk and enhance both commercial
project and supply chain management (Mc Kinsey,
2020). BIM increases the speed and accuracy of
material quantity take-off, which helps coordinate
and
streamline
procurement
processes
(Ghaffarianhosein et al., 2017).

c) Lean and the Architecture,
Engineering and Construction Sector
Lean construction is informed by Lean manufacturing
philosophy which originates from the Toyota
production system. The two central pillars of the Lean
production philosophy are continuous improvement
through waste reduction and respect for people (Liker
and Morgan, 2006). The goal of Lean is to maximise
value to the customer through a process of continuous
improvement that optimises flow and minimises
waste (Sacks et al., 2018a). Lean tends to focus on
value optimisation rather than cost minimisation
(Ballard and Howell, 1995). In construction, the
product tends to be stationary, and the process moves
through it (Koskela et al., 2002). Unlike
manufacturing, construction has low levels of
standardisation. There is also a tendency to outsource
expertise, and the construction industry’s culture
tends to be adversarial and slow to embrace change
(CIRIA C728, 2013). Despite these differences, the
core five principles of Lean as described by Womack
and Jones (1996) still apply to construction. These
are: i) define what is value; ii) then map the value
stream; and iii) remove non-value adding steps;
subsequently iv) make the process flow from one
value added step to the next by creating pull demand
from ensuing steps; and finally, v) pursue perfection
or “Kaizen” through the removal of waste and nonvalue adding activities through an iterative process.
Perfection in terms of Lean philosophy is zero waste;
the relentless pursuit of waste reduction is at the core

b2) BIM and the Management of
Information and Construction Processes
The management of information, resources and
processes can be enhanced through the application of
BIM. For instance, at a strategic level BIM supports
early engagement and construction planning, which
in turn can promote more collaborative project
delivery (BCG, 2016). Also, data-driven decisionmaking, and the use of digital tools can significantly
increase on-site collaboration (Mc Kinsey, 2020).
Without information, construction falters (NBC,
2018); the reduction of delay and rework through
model validation and a reduced number of Requests
for Information (RFI’s) during the construction phase
greatly contributes to the Return on Investment (ROI)
for BIM expenditure (Ghaffarianhosein et al., 2017).
The linking of the BIM model to the construction
schedule is known as 4D BIM (3D BIM + time). This
functionality has been found to enhance visualisation,
communication, work planning and the management
of site logistics, and can also promote greater
common understanding of project scope and
objectives among stakeholders (Jose and Jacob,
2018). In terms of the formulation of resource
allocation strategies, a data-rich BIM model can be
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of Lean thinking. And Lean categorises waste in eight
distinct types: transportation, inventory, movement,
waiting, overproduction, overprocessing, defects, and
intellectual waste.

d) Lean Construction and BIM
Technologies: Lean-BIM
BIM functionality provides a foundation for Lean
construction and can greatly facilitate Lean processes.
The optimisation of resource allocation and pull
planning can significantly reduce non-value-added
activities and speed up construction time by up to
30% (BCG, 2016). The use of 4D BIM software (e.g.
Navisworks/Tekla) to iteratively refine and improve
site installations virtually is a form of digital Kaizen.
This functionality can also assist production
strategies by reducing congestion (Sacks et al.,
2018a). The implementation of both paradigms
simultaneously (Lean BIM) has a positive synergistic
effect greater than the sum of applying either
individually; it is considered as a key success factor
in encouraging productivity (KPMG, 2019) and can
improve competitiveness (CitA, 2017). Lean BIM is
principally about improving processes so that the
resulting building still fulfils the client’s requirements
but involves less resources to construct (Sacks et al.,
2018b). Many BIM workflows, processes, and
technologies result in Lean outcomes. Supporting
this, future construction is anticipated to increasingly
move to an off-site factory environment, where the
supply chain can be strengthened and more deeply
integrated through the leveraging of BIM data
(KPMG, 2019; Mc Kinsey, 2020; RIBA, 2020).

c1) Lean and Commercial Management
Companies that have successfully applied Lean
methods experience improved construction quality
and safety. Lean processes have reduced construction
time by up to 30% and costs by up to 15% (BCG,
2016). From a commercial management perspective,
this is not difficult to envisage, since Lean increases
productivity, reduces resources required, and
increases value to customers and practitioners alike.
It is a low-risk proposition in a sector that has a track
record of poor performance in this regard (Sacks et
al., 2017).

c2) Lean and the Management of
Information and Construction Processes
Flow on a construction projects is principally
concerned with the flow of information, resources
(e.g. people, machinery and materials), and flow of
the project through the schedule (i.e. time). The
creation of flow and response to pull are two
important objectives in Lean construction. Examples
of this include the application of the Transformational
Flow Value model (TVF) (Koskela, 2000), which
creates focus on value and flow; and the Last Planner
®System (Ballard, 2000) of production control,
which creates an emphasis on pull. The application of
Just In Time (JIT) thinking helps reduce waste and
congestion, as well as helping to stabilise the
workflow, which permits labour to be better matched
to the work requirements, boosting productivity
(Ballard and Howell, 1995).

e) BIM and Lean in the Reinforced
Concrete Sector
The RC sector, in comparison to other AEC sectors,
has experienced low rates of BIM adoption (Aram et
al., 2013). This would help explain the dearth of
research in BIM, Lean and RC construction. This is
surprising when one considers that RC can account
for up to 15% of the overall building cost (Ko and
Kuo, 2019) and that all the benefits and functionality
of both BIM and Lean in the wider AEC sector are
transferable to the RC sector.
Formwork is the mould or system deployed to
contain freshly placed and compacted concrete until
it is sufficiently strong to be self-supporting (CS,
2012). It can account for up to 33% of the cost of a
concrete structure (Ko and Kuo, 2020). The design of
formwork is an integral part of RC construction, and
it is traditionally performed in 2D design and,
predominantly, manually. However, semi-automated
BIM slab formwork software can speed up the
process and offer the possibility to maximise the use
of premanufactured slab formwork panels, thus
minimising the requirement for expensive site-made
infills (Lee and Ham, 2018; Yang, 2019).
A significant opportunity exists for the leveraging
of BIM and Lean benefits around reinforcing steel
design. The Mc Graw Hill survey revealed that
approximately 80% structural concrete elements were
modeled by respondents, but only 28% modeled
reinforcement (Mc Graw Hill, 2008). The existence

c3) Lean and Personnel Management
The importance of people to the Lean philosophy
cannot be overstated; people are drivers of
productivity (Liker and Morgan, 2006). The
Department of Public Expenditure and Reform
(DPER, 2020) in their analysis of the Irish
construction sector’s productivity, identified elevated
recognition and appreciation of workforce as one of
the three pillars underpinning their recommendations.
The idea of respecting, valuing, and sharing
opportunities for development of the individual and
the team is central to Lean philosophy (Coetzee et al.,
2019). Similarly, KPMG found in their global
construction survey that 90% of the top performing
construction companies reported having leadership
development and formalised training programmes
(KPMG, 2019), which further illustrates the linkage
between people development and company
performance.
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of a structural reinforcing steel model would provide
exploitation opportunities at many levels within the
sector. For example, cast in place concrete is
fabricated on-site in an inherently flexible production
method; pour-breaks are generally a biproduct of
management rather than of design (Barak et al.,
2009). The use of BIM to optimise reinforcing steel
was explored by Porwal and Hewage (2012) and
Yang (2019) who found that through early-stage
design analysis, steel wastage could be minimised by
optimising stock lengths. BIM tools can also offer the
possibility for Lean outcomes such as design
optimisation early in a RC projects. Stanton and
Javadi (2014), for example, found that through the
application of BIM, early-stage reservoir design
resulted in significantly reduced steel and concrete
requirements and offered a deeper and earlier
understanding of costs.
Lean construction practices are not prevalent in
the Irish construction sector (DPER, 2020). However,
the promotion of innovation and digital adoption,
particularly in SMEs and smaller sub-contractors can
potentially deliver significant gains to the sector
(CSG, 2020). BIM technologies and Lean tools
currently exist to enhance outcomes in the RC sector.
as recognised, for example, in the Lean Construction
Ireland Book of Cases (LCI, 2020). In this report, an
RC frame featured, unusually, as a case study
showing that, through the application of Lean
practices and methodologies, the concrete frame
program was reduced from seven to six months (LCI,
2020)

III. METHODOLOGY
This research applied a mixed methodology for
empirical data collection. Firstly, a comprehensive
literature review was undertaken to get an
understanding of current knowledge. This included
international and national academic journals, industry
and Governmental reports. Initial review findings
revealed a relative dearth of research in the subject
area of BIM and Lean adoption in the RC sector, so
the literature review was expanded to cover the wider
AEC sector. Following the review, a structured
quantitative online survey was carried out (see
supplementary material A), targeting a representative
section of principal professions within the sector at
different organisational levels selected from the
author’s extensive professional contacts. The primary
objective of the online survey was to ascertain the
general level of BIM and Lean awareness and
adoption in the Irish RC sector by sub-sectors and
professions.
The survey was structured in three distinct
sections: 1) respondents background; 2) BIM
awareness; and 3) Lean awareness. It contained
branching which permitted respondents to answer
profession-specific questions. The centrepiece of the
survey was a video presentation to exhibit some BIM
functionality: a bespoke structural Revit model with
RC and a Navisworks simulation designed by the
author for the survey (Figure 1), where elements were
modelled as they would be constructed, and with
reinforcing steel modelled for columns and floor
slabs. Respondents were asked to rate the BIM
functionality shown in the video in terms of value for
key construction processes.

Figure 1. Snapshots of the survey video question exhibiting BIM functionality of Revit and Navisworks
with potential application in the reinforced concrete sector.
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Finally, semi-structured interviews were carried
out with 9 RC representatives across professions and
organisational tiers to further explore key findings
from both the literature review and the online survey
(Table 1). Supplementing the quantitative
questionnaire with qualitative interviews garnered
deeper insight into the attitudes, perceptions, and
opinion of the larger quantitative population
(Kendall, 2008; Mc Kim, 2017).

a2) BIM Awareness and Implementation
This section began with a question about the level of
BIM awareness within respondents’ organisations.
The majority (60%) reported that they were aware
only, and one third (33%) that they were aware and
using (Figure 3) – this value is significantly less than
the 76% BIM adoption rate reported in the NBS
(2019) survey, although it is most likely that the NBS
survey was conducted primarily among architects and
design engineers.

IV. RESULTS AND DISCUSSION
a) Online Survey Findings
Of the 135 people contacted, 112 responses were
received (83% response rate). The responses are
presented and discussed below by survey sections
(see supplementary material B for full detail).

a1) Respondents’ Background
This section revealed that most respondents were very
experienced and had worked in construction for more
than 15 years, with only 4% having entered the
industry in the last five years. Most respondents were
from two company categories, namely formwork subcontractor (60%) and main contractor (28%) (Figure
2). In terms of company size, 38% of respondents
reported that their company had more than 100
employees, 29% between 50-100 employees, and
27% between 15-50. Respondents were mainly
project managers (28%), sub-contractor directors
(26%), and site supervisors (19%) but a wide range of
professions were captured in the survey (Figure 2). It
is interesting to note that 43% of respondents from the
largest company category, i.e. formwork subcontractors, described their role as directors, which
arguably adds value and importance to their responses
as they would be key decision-makers and influencers
within their organisation.

Figure 3. Respondents’ level of BIM awareness and
BIM model use and application.
Awareness data examination for the different
company types showed that most main contractors
(60%) are aware and using BIM while only 13% of
formwork sub-contractors report the same. Possible
contributing factors include that in-house BIM
expertise is necessary for main contractors to interact
with both their information and sub-contractor supply
chains, making the use of BIM more mainstream.
This trend was also observed in the responses to the
frequency with which these groups would receive
project information in BIM format. 72% of subcontractors reported that they infrequently or never
received information in BIM format, and 58% of
main contractors reported the same. To the question
“what would you use a received BIM model for?” two
thirds (67%) of respondents selected viewing only.
When examining the data along company category
lines, only 15% of sub-contractors use BIM for
anything other than viewing, a figure that contrasts
with the 39% reported by main contractors.
The responses to the BIM functionality video
(Figure 4), exhibiting a potential application to the
RC sector, showed that BIM functionality received
relatively high valuations for most construction
processes, the highest being constructability analysis
(88%), tender stage analysis (84%) and project
management (79%). The least valued was reducing
project duration and health and safety, with
approximately half of respondents finding them of
medium to low value – this contrasts with the findings
of the NBS (2020) survey, where 74% of respondents
felt BIM would increase project delivery speed and
70% that it would improve health and safety.

Figure 2. A breakdown of survey respondents by
company category (top) and profession (bottom).
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a3) Lean Adoption
This section also opened with a question on
awareness (Figure 6), with respondents reporting
relatively high levels of awareness (55%) and low
levels of use (20%), as for BIM, and in agreeance with
that reported by DPER (2020). Respondents were
asked to identify the most valuable site resource; the
majority choose labour (54%) followed by
information (28%) and time (17%). This high value
placed on labour concurs with the literature reviewed
and link the importance of labour to it being a source
of waste (40%) (Egan, 1998), a central pillar in the
Lean philosophy (Toyota Way, 2001), a productivity
driver (DPER, 2020), and a currently scarce resource
(SCSI/PWC, 2020). Interestingly, only 1% selected
materials as the most valuable resource, which
contrasts with the literature (e.g. Egan, 1998; NBS,
2018).

Figure 4. BIM functionality value rating for various
construction processes.
At this point, the survey branched to try to capture
profession-specific data. Each profession was asked
to rate several individual BIM related statements in
terms of value in assisting them in their role. The most
and least valued construction processes/functions for
each profession are listed in Table 1. The director role
respondents (87%) valued accurate structural design
at design stage most and 4D animated programme of
works least. The project managers (88%) valued 4D
simulation to promote common project understanding
the highest, in line with Jose and Jacob (2018) and
Liu et al. (2015). Interestingly, 29% thought
enhanced supply chain management to be of neutral
value. All quantity surveyors (100%) valued object
volumes at the click of a button the highest which
reinforces the findings of Ghaffarianhosein et al.
(2017). Surprisingly, the least valued was faster
tender times (27%), and 20% saw no value either in
digitally agreed measures which contrasts with
reporting by BCG (2016). The supervisor/engineer
profession were the second highest BIM user
profession (29%) and valued reduced RFI's the
highest (90%) followed by 3D re-bar design (84%).
Interestingly, 45% thought 3D animated programme
of works to be of neutral value which is contrary to
what is reported by Liu et al. (2015) who considered
it to invaluable for resource allocation. It is also worth
noting that most respondents (95%) thought that
digital construction technologies such as BIM would
make the industry more attractive to younger entrants;
a sentiment shared by Farmer (2016).

Figure 6. Lean construction awareness of survey
respondents.
Respondents were also asked to rate several
specific Lean construction tools in terms of awareness
and use (Figure 7). Apart from daily huddle meeting
(55%) and JIT delivery (48%), respondents exhibited
low levels of awareness or used the other Lean tools.
Detailed examination of the data indicated that main
contractors exhibited higher levels of usage across all
Lean tools. This would support the DPER (2020)
findings that Lean construction practices are not
prevalent in Ireland.

Figure 7. Respondents’ awareness and use of Lean
tools.
Waste minimisation is central to Lean philosophy.
The respondents were asked to rate the eight Lean
wastes, and the top 3 were, as per Table 2: waiting
(54%), motion (40%) and defective work (40%)
which concurs with the Egan report (1998). The final
survey question aimed to garner respondents’ views
on how beneficial Lean adoption would be for their

Table 1. The most and least valued construction
processes/functions by profession.
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company. 42% thought very beneficial, 53%
beneficial, 4% no change and 1% were unsure.

observations. He also felt that 4D simulations could
assist him greatly with the most difficult aspect of his
role, namely conveying construction sequencing
intent to site personnel. The SCDR used the model
information for viewing only, but he felt that there are
a lot of possibilities within the sector for exploitation
of BIM data, particularly in construction strategy,
programming, and quantity surveying, and expressed
a desire to enhance personal BIM skills and expand
BIM usage within his company. Interestingly, the
SCDR did not see much value in modelling re-bar,
which contrasts with the views of most survey
respondents and interviewees. The MCDR thought
that re-bar modelling would be valuable as it could
assist with co-ordination on site.
When asked about the biggest source of waste, the
MCDR thought that lost productivity was the greatest
waste source, labour output tracking is of particular
focus in his company in recent years. Similarly, the
SCDR thought that time was the biggest source of
waste; waiting for information and material reduced
his labour productivity.
In terms of Lean construction, the SCDR’s
company had no formal internal Lean practices in
place. However, they were exposed to Lean tools
such as daily huddles and weekly pull planning
sessions via main contractors on current sites. The
SCDR found them valuable and expressed a strong
desire to use more Lean construction methods in his
company, because the organisation and planning
benefits could increase labour output and “saving
labour on site is key as it is our biggest cost”. The
MCDR explained that his company had recently
invested heavily in Lean and had rolled it out across
the company; each of the company’s business units
has a process improvement manager, and metrics
such as productivity mapping had become “business
as usual” across all company projects. Also, training
is very important within the company. It is conducted
on an ongoing basis, and the company holds monthly
online training webinars.
Both directors viewed off-site production as very
positive for site productivity. It is worth noting that
the SCDR did not see much value in prefabrication of
re-bar, unless it was particularly heavy, but he did see
significant gains in prefabricated formwork.
The MCDR provided some additional valuable
observations reflecting on the fact that both BIM and
Lean construction had been a relatively new departure
for his company (had begun about three years
previous) and required significant investment. Both
paradigms had been sponsored by the company board
and rolled out company-wide at all levels. Many of
the new processes and methodologies had taken time
to embed in the organisation, but their benefits could
now be seen and felt, especially in terms of
commercial risk reduction and increased project
certainty.

Table 2. The greatest source of waste on reinforced
concrete projects.

b) Interview Findings
Nine interviewees were chosen to represent the four
principal professions (i.e. directors, project managers,
quantity surveyors and site supervisors/engineers)
from each of the two principal company categories
(i.e. main contractors and sub-contractors). A single
member of the “other/health and safety” profession
category was also interviewed. Their background is
summarised in Table 3 and key interview findings are
presented in Table 4.

Table 3. Interviewees’ background information.
Refer to the sections below for an explanation of
acronyms.

b1) Directors’ Responses
The Main Contractor Project Director (MCDR) and a
Sub-Contractor Managing Director (SCDR) were
found to be both positively disposed to BIM. The
SCDR had received project information in 3D format
on approximately 10% of projects; a format that he
liked using, as it gave an immediate feel for project
scope. The MCDR’s experience was more
significant; in his company, every project from tender
stage not only has a BIM model but also a BIM
manager, and “BIM Lead” and weekly meetings are
held around model development. His company has a
Digital Project Delivery Team, and 4D BIM
simulations were seen as very valuable, not only for
the promotion of common project understanding, in
accordance with most survey respondents, but also as
a process management tool, for “logistical clash
detection”. 4D BIM simulation was utilised at all the
MCDR sites at “weekly look ahead” whiteboard
meetings both internally and with sub-contractors.
The SCDR also felt that 4D animations were very
useful and had experienced them at main contractor
weekly meetings, concurring with the MCDR’s
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b2) Quantity Surveyors’ Responses

Both were positively disposed to BIM. The MCQS
would regularly receive and use BIM models for
measurement at project stage, but principally uses
Cubit, a software that has 3D functionality. The
SCQS also receives BIM models at project stage, but
he expressed a lack of trust in model information, as
he had found them not to be up-to-date, limiting his
use of BIM to secondary verification of volumes,
heights, and measurements. He also thought that BIM
models would never be modelled the way the job is
being built. So as a quantity surveying tool, this factor
diminishes BIM’s practical usefulness in his
profession. And this would explain the low survey

Both the Main Contractor Quantity Surveyor
(MCQS) and the Sub-Contractor Quantity Surveyor
(SCQS) revealed they had never received a BIM
model at tender stage, which help explain why
approximately a quarter of survey respondents
considered accurate design at tender stage and faster
tender times to be of neutral value. The MCQS
explained that often tender are “yellow form” and
contain a Bill of Quantities (BoQ), so for compliance
with the tender evaluation he would use a BoQ;
however, for a “blue form” tender which has no BoQ,
a BIM model would be very valuable.

Table 4. Summary of key interview findings.
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response (11%) using BIM for activities other than
viewing. Yet, the SCQS thought the volumes at the
click of a button would be very useful in terms of
simple functionality, which all quantity surveyors
noted in the survey. Both the MCQS and the SCQS
felt that the most difficult aspect of their job was to
agree accounts and that use of BIM and digitally
agreed measures could aid this process. The SCQS
said that despite the obvious value of BIM skills
especially at tender stage he struggled to see subcontractors paying for training.
Both QS’s shared the opinion that the biggest source
of waste was poor organisation, the SCQS indicating
that a recent project had descended into “organised
chaos”; poor planning and resource allocation by both
the main contractor and sub-contractor resulted in
programme acceleration, cost increase, and reduced
collaboration. Both thought that the idea of off-site
production, particularly of re-bar, could be beneficial.
The MCQS said that his company had looked at this
possibility last year for a project, and that it was
becoming more spoken about in the industry.
When asked if their companies had a formalised
Lean construction policy or had worked on sites with
one, the SCQS said that Lean was paid “lip service”;
in his experience, environmental management was
more important. The MCQS said that his company
operated in a Lean way, but it was not formally
structured. Both favoured the use of more Lean
methodologies in their companies.

with starter steel from piles, resulting in trouble free
re-bar installation on-site. This provides a very good
example of how Lean/BIM can positively impact the
RC sector. The MCPM also thought that BIM
improved the RFI’s, in terms of information clarity
that could be obtained from model interrogation,
which would lead to a lower requirement to create
RFI’s. Unlike the SCPM’s the MCPM’s company
also invested in training personnel in the use of
technology at all organisation levels, from machine
drivers to project managers.
The Lean section revealed that both Project
Managers differed in ideas and experiences around
Lean construction, and neither worked on a site with
formalised Lean policies. On the question on waste
sources in RC projects, the SCPM pointed more to
tangible waste such as concrete re-bar and timber. He
also cited waiting for information as a source of
waste, RFI’s generally requiring 14 days for a
response. The MCPM had a deeper understanding
and experience of Lean construction. He felt that the
working waste was most significant, due to incorrect
sequencing of works. While his company did not have
a formalised Lean department/policy, it did carry out
Lean activities through technology, and cited a recent
project where excavations for underground chambers
were minimised with the use of AutoCAD/GPS
software fitted to machines controlling the extent of
the dig. Also, the off-site production of reinforcing
steel had a knock-on Lean effect on site safety, less
clutter, less personnel, and faster work.

b3) Project Managers’ Responses

b4) Senior Site Engineers’ Responses

The Main Contractor Project Manager (MCPM) and
the Sub-Contractor Project Manager (SCPM) were
both very positively disposed to BIM. Both Project
Managers felt that 4D BIM simulation was a very
valuable way of communicating with project partners,
designers and tradesmen agreeing with both project
managers in the survey (88%) and the literature (Jose
and Jacob, 2018). In terms of usage, the SCPM had
only ever used BIM models for querying complex
geometry as visual checks. He also found that model
information permitted quickly assessing project
scope. He suggested that it could be a very useful tool
at tender stage to assist with winning projects, and
that re-bar modelling would be very powerful.
Contrastingly, the MCPM utilised BIM for much
more that viewing; his company has a BIM
department, and he receives in-house model
information to assist with construction. The last
project he worked on was a large complex data centre,
where BIM was utilised extensively, and Autodesk’s
BIM360 was used as a Quality Assurance tool. On his
current project, BIM data are being utilised in an
interesting way from a formwork perspective: large,
complicated reinforcing steel was being prefabricated
off-site in transportable units and later assembled onsite. The company making the steel modelled it using
Tekla software, allowing the main contractor to
perform a clash detection with formwork ties and

The Main Contractor Senior Site Engineer (MCENG)
and Sub-Contractor Senior Site Engineer (SCENG)
received information in BIM format infrequently and
usually only upon request. Both utilised BIM
information for viewing only, which aligned with the
majority of survey respondents (67%). They both
thought that 3D/4D animation would be very
valuable. When asked what the most difficult aspect
of their role was, the SCENG cited relaying design
information to site tradesmen as most difficult and
thought that 3D/4D animation would be a powerful
way to communicate construction intent to tradesmen
with low construction drawing literacy. The MCENG
said resolving mismatching information on-site
caused him the most difficulty and thought that
information in model format could assist in this
regard. On the topic of re-bar being modelled, both
thought that it would very useful, which concurred
with engineers’ survey responses (84%). The SCENG
said that 2D re-bar drawings were often difficult to
read for site personnel, and both found that dividing
schedules was time consuming and error prone, often
resulting in deliberate over-ordering of steel to cover
possible shortfalls. Both also expressed a desire to be
more proficient in the use of BIM; the MCENG said
that the industry was slow to change, and his
company slow to embrace new technology, but they
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are starting to embrace BIM and have a dedicated
BIM person in-house. Both interviewees agreed that
the industry was struggling to attract new entrants.
In relation to the idea of Lean construction, both
engineers had not worked on a site with formal Lean
policy/processes in place, but both expressed a desire
to see more Lean construction in their companies and
projects. On the question of waste sources, the
SCENG thought that overordering materials such as
re-bar, concrete, timber and formwork were
important, but also underutilisation of labour - which
was perceived by survey respondents as the most
valuable site resource (54%). The MCENG, being a
school builder, noted that failure to achieve a school
opening would have serious reputational and
commercial consequences, so waste minimisation of
material and labour would be secondary to achieving
this goal. Both thought off-site production he
experienced on his projects had a positive effect on
programme.

experience, 95% of delays on RC projects relate to
wrong or wrongly relayed information from designers
to site managers or from site managers to tradesmen.
When asked about the reasons behind the high level
of awareness and low level of usage (12%) among
sub-contractors revealed in the online survey, he felt
that the BIM model did not capture the site reality. He
used the example of scheduling works: when creating
a detailed programme of works, he uses Microsoft
Project and include items like cranage and formwork
reusage and considered this level of detail could not
be adequately captured in a Navisworks simulation.
However, he thought that the simplified 4D
simulation illustrated in the online survey would be
very useful for relaying programme and weekly
progress requirements to site.
In terms of Lean construction practice on-site, the
TWCO’s own company had no formalised Lean
policy, but due to their business model requiring hire
for large quantities of formwork equipment, JIT
delivery was commercially very important. The
TWCO cited missing or wrong information as the
biggest source of waste in RC construction.

b5) Other Responses
The interviewee from the “other/health and safety”
cohort in the online survey was a recently appointed
companywide Temporary Works Co-Ordinator
(TWCO) who had 29 years site experience working
for a medium-to-large formwork sub-contractor
(initially as a site engineer and later as a project
manager). He was relatively positive in relation to
BIM, however not in its current level of application.
In his full career he has only encountered project
information in BIM format on two projects; on both,
the client had requested so many design changes that
he felt the BIM model could not be relied upon. The
TWCO thought that, for a formwork sub-contractor,
BIM in its current format is just “a pretty picture”, but
that if re-bar were modelled, BIM would “transform”
the formwork industry and be “invaluable”. In his

V. KEY FINDINGS: OPPORTUNITIES
FOR BIM AND LEAN ADOPTION IN
THE REINFORCED CONCRETE
SECTOR
The primary analytical divides for the data gathered
in this research were company categorisation (i.e.,
main contractors/sub-contractors) and respondents’
professions. The survey respondents were asked to
select a management function that most closely
described their role (Figure 9). The research results
will be further discussed, and implementation
opportunities explored for the three principal
management functions (i.e. commercial, process and

Table 5. BIM and Lean opportunities in the Irish RC sector.
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personnel management) at
three
distinct
organisational strata (i.e. strategic, tactical, and
operational) as shown in Table 5.

is an example of where BIM can provide good
commercial management at both strategic and tactical
levels. 5D simulation could be very powerful if used
as built information repositories for RC projects,
especially if the re-bar were modelled. Both QSs
interviewed indicated agreeing accounts to be the
most difficult aspect of their role and felt that using
BIM to digitally agree measures would help them
reduce conflict. Quantity surveying is one of the
professions that could potentially leverage the most
benefit from BIM data; however, models would have
to reflect how buildings were being constructed, as
alluded to by the interviewed SCQS.

Figure 9. Management function of survey
respondents.

b) Opportunities to Enhance Information
and Process Management

The research results indicate that many
opportunities exist for the adoption of BIM and Lean
construction in in-situ RC construction (Table 5).
These opportunities exist at different organisational
tiers, to varying degrees. The viability of enhanced
adoption is bolstered by two very distinct initial
trends emerging from the data. Firstly, there was a
relatively high level of awareness and a low level of
application for both BIM (32%) and Lean
construction (20%). Secondly, most survey
respondents and interviewees expressed a high level
of interest and desire to deepen personal and
organisational proficiency and application of both,
particularly BIM. At a strategic organisational level,
either or both paradigms would require sponsorship,
vision and investment. This was illustrated by the
MCDR’s observation on the three-year roll out of
BIM and Lean in his organisation, which was
supported at board level, and viewed as tools for
commercial “risk management”, thereby increasing
certainty, concurring with NBC (2018) and BCG
(2016). This may prove more challenging for the subcontractors who have smaller organisations (73%
surveyed reported less than 100 employees).
Interestingly, the main contractor organisations who
had strong BIM and Lean structures and practices,
had more than 500 (MCPMs) and 1500 (MCDRs)
employees (see Table 3). Therefore, organisation size
may influence the level and speed of investment and,
ultimately, implementation.

Process managements at a strategic level could be
enhanced through BIM and Lean synergies. For
instance, data-rich BIM models that reflect actual
construction sequences as proposed by the SCQS
could be very functional, particularly if they contain
re-bar modelling as favoured by most interviewees.
At a tactical level, taking quantities from models,
including re-bar, would reduce material waste. 4D
simulations could also help streamline construction
processes and increase project flow through
“logistical clash detection”; as described by the
MCDR, it could be conducted to sequence and pull
plan required resources JIT. This potential
harmonisation of BIM technology and Lean
construction could significantly enhance efficiency at
an operational level of process management, thereby
optimising expensive labour and equipment such as
formwork.

c) Opportunities to Enhance Personnel
Management
Most survey respondents (54%) selected labour as the
most valuable site resource, also corroborated by the
interviewed MCDRs and SCDRs. The respectful and
collaborative maximisation of human capital and
potential is at the heart of Lean philosophy. At a
strategic organisational level, to attract the best and
the brightest talent, organisations must make
themselves more attractive to new entrants. 95% of
survey respondents and 100% of interviewees
thought digital technology and BIM can offer such a
lure. At a tactical, level BIM and Lean offer the
opportunity for personnel not only to work with the
best processes and technology but to be organised and
managed in a smarter way. Better organisation of
information, material and labour can mean that all
three can be in the right place at the right time in the
right quantity.

a) Opportunities to Enhance Commercial
Management
The use of BIM and Lean can be powerful in
commercial risk management. The MCDR
interviewee noted that at initial roll-out benefits can
be less obvious, but as data builds within the
organisation significant benefits are attained such as
better decisions, digital knowledge capture from
previous projects, faster and more accurate tendering
and greater certainty around programme of works. In
the absence of a BoQ, the MCQS said a BIM model
would be “invaluable” at tender stage, and many
interviewees thought that 4D simulation could help
win
projects.
The
5D
simulation
(3D
BIM+time+cost) like that shown in the online survey,

VI. CONCLUSION
The relative newness of BIM and Lean construction
within the RC sector was reflected in all three data
sources of this research. The literature review
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revealed a dearth on the subject area; the online
survey showed relatively high levels of awareness but
relatively low levels of usage of both BIM and Lean
Construction, particularly the latter; and the
interviewees responses was consistent with the online
survey findings across all professions and company
categories – although, it was particularly pronounced
within formwork sub-contractors.
The online survey findings informed the semistructured interview questions, permitting their
deeper examination, as well as revealing some
additional relevant and unexpected findings. For
example, all interviewees extolled the potential value
of BIM as a visual communication tool, while few
expressed similar interests for exploiting it as a data
source, and only one interviewee fully appreciated
that Lean was a production philosophy. Almost all
interviewees supported the expanded use of both
paradigms within their organisations and their own
personal BIM proficiency, yet only two interviewees,
both from large main contractors, reported any
organisational structures to support and maintain their
roll out. All the above suggests that most participants
did not fully appreciate their real potential and
untapped value, beyond BIM’s provision of a “pretty
picture”
and
Lean
construction’s
green/environmental-ness. It is no coincidence that
the small minority of survey respondents who were
leveraging BIM data and implementing Lean
philosophy to their productive advantage belonged to
organisations that had structures and strategies in
place for both, and valued and invested in training and
up-skilling their personnel.
This research has revealed a RC sector-wide
appetite and interest for both BIM and Lean which
needs to be coupled with sponsorship, education,
training, and investment to capitalise on the wave of
change that is sweeping through the AEC industry.
BIM and Lean construction are in their infancy within
the RC sector, given their novelty and the current
pace of development, particularly in digital
construction, many opportunities exist to expand this
research. For example, examining case studies to
determine the actual optimisation of RC construction
through BIM and Lean, or revisiting practitioners’
opinion in the benefits of their adoption and
implementation once the paradigms are better
embedded in the sector. A particular area of future
research on these considerations, that could be of
potential significant benefit to the sector, would be rebar modelling.
After all, a “vision without action is merely a
dream” (Joel Arthur Baker, 1991). The perceived
interests across all professions in the sector needs to
be capitalised upon and put into action to reap and
optimise the opportunities for enhancing commercial,
process, information, and personnel management in
the RC sector.
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